Abstract: This study examined protein adsorption equilibrium and kinetics on activated carbon (AC) that we obtained from coal by single-step H3PO4 activation under N2+H2O vapor at 800 °C. Surface properties, pore size distribution, and volumes of AC were determined using volumetric method with N2 adsorption at 77 K. Also, the textural properties were characterized by SEM-EDAX and XRD. The zeta potential values were measured to elucidate the electrostatic interactions between the protein and AC. The obtained AC discrete system was also used as an adsorbent for adsorbing bovine serum albumin (BSA) from aqueous solution. The effects of pH (4.0, 5.0, and 7.4) and temperatures (20, 30 and 40 °C) on the adsorption of BSA on AC were examined. The surface area, micropore, mesopore and total pore volumes of AC were found to be 1175 m 2 /g, 0.477 cm 3 /g, 0.061 cm 3 /g and 0.538 cm 3 /g, respectively. The optimum temperature for AC in BSA adsorption was found to be 40 °C and the pH was found to be 4.0. The highest BSA adsorption was found to be 159 mg/g and pH to be 4.0. The experimental equilibrium data were compared with the Langmuir and Freundlich models and found to be compatible with both models. The adsorption process is best described by the pseudo-firstorder kinetic model. As a result, it was found out that AC obtained by single step H3PO4/N2+H2O vapor activation is an effective adsorbent for the adsorption of BSA from aqueous solution.
INTRODUCTION
Protein adsorption on surfaces is a very common phenomenon because it is the first step in many biological processes such as trans-membrane signalling or blood coagulation steps (1, 2) . Protein adsorption in artificial tissue scaffolds is a key factor for a favorable vascularity (re-formation of vessels) because protein adsorption can cause thrombosis in biomedical implants interacting with blood flow (3) . Moreover, protein adsorption can induce adhesion of the possible inflammation of particles, bacteria, cells and their contamination processes (4) . Non-specific protein adsorption on sensor surfaces, protein chips or experiment platforms in the fields of analytical science is a serious problem that disrupts the analytical performance of devices. Indeed, there are intensive studies on biocompatible and protein-resistant materials that can be applied to biomedical implants or analytical platforms, and the vast majority of scientific publications in recent years have contributed extensively to this field (5) (6) (7) (8) . Progress in this area has taken place during the emergence of grafted polymers (such as PEG, PAA) and self-assembled monolayers (SAM) in particular. However, the rules behind protein rejection are still not fully understood, and it is still necessary to better understand the stability of selected surfaces (9) (10) (11) Protein-surface interactions are influenced by both protein properties and surface properties. Surface energy, surface tension, polarity, surface charge, surface wetting potential and morphology are important parameters affecting protein-surface interactions (12) . Scientific studies have generally chosen the type of surface adsorbent that can replace implant materials, cell walls, biosensors or membrane filters. Some typical limitations are introduced according to the experimental techniques applied to the model surfaces (such as atomic flat surfaces whose optical transparency, electrical conductivity or flexibility can be affected). Furthermore, protein is also frequently adsorbed on unmodified surfaces such as quartz, mica, glass, metal or graphite, and modified surfaces obtained with chemical modification of these surfaces (3).
Activated carbon is an adsorbent that is highly versatile in its use, with a high surface area, pore structure and a high degree of surface reactivity. Because of its unique porosity and surface morphology, it is specifically in many areas in industry such as gas adsorption, purification and separation of gaseous mixtures, removal of harmful contaminants, processing of urban and industrial wastewater, fuel cells, adsorption of large molecules and as a catalyst in drug synthesis (13) (14) (15) . The activated carbons are of interest because they are easy to produce, durable and quite cheap compared to other types of adsorbents (16) .
The adsorption capacity of the activated carbons is due to the presence of pores suitable to the molecular size of the adsorbent and the interest of functional groups on the surface to the adsorbent.
Two methods (physical and chemical activation) are mainly used for activated carbon production. Physical activation involves carbonization and activation with steam and CO2 at high temperature. Chemical activation involves the activation of samples impregnated with various activating agents (NaOH, KOH, H3PO4, ZnCl2, etc.) in an inert atmosphere (17, 18) .
In this study, we tried to examine protein adsorption on activated carbon obtained by sonication and single-step H3PO4/N2+H2O vapor activation on an coal sample taken from Zonguldak region (Zonguldak is a province located along the Black Sea coast in the northwest of Turkey, and is also known as a major center of coal production). We chose BSA as a model protein, which is a blood plasma protein. Firstly, the characterization of the activated carbon (surface area, pore distribution, micropore volume) was examined by N2 adsorption at 77 K with volumetric methods, and its morphological characteristics were determined with SEM-EDAX and XRD. BSA adsorption equilibrium and kinetics on activated carbon were then examined for different temperatures and pHs. Zeta potential values were also measured to understand protein-surface interaction.
MATERIALS AND EXPERIMENTAL

Materials
BSA and other chemicals were purchased from Sigma Aldrich.
Activated carbon production
Highly volatile A type bituminous coal (ASTM standards) was taken from Zonguldak region as the starting material and it was made into a size of 100-300 μm (19) . Since inorganic materials such as Fe, Al, and Si in the coal sample produce water-insoluble residues such as FePO4, Al(PO3)3 and SiO2P2O7 in activation with H3PO4, they cause low pore formation and adsorption capacity in activated carbon (20, 21) . For this reason, the ash removal process was carried out to eliminate the interaction of H3PO4 with the inorganic substance in the coal. In the ash removal process the coal was first mixed with 20% HCl for 3 hours at 60°C. The treated sample was washed repeatedly using hot distilled water until the pH reached about 7.0. Then the same process was repeated with 25% HF. As a result of the ash removal, the ash content was reduced to 0.4%, having initially been 4.5% (22) .
For AC production, the ash-reduced coal with H3PO4 was mixed at the rate of 3:1 with magnetic stirrer (1000 rpm) at 70 °C. After the mixture was sonicated for 30 minutes at 60 °C, it was transferred to the quartz tube and kept in the drying-oven at 100 °C overnight. In this method, the water vapor connection was made after the mixture was brought to 800°C under N2 (200 mL/min) in a tube furnace. The mixture was activated with N2+H2O vapor for 30 min and allowed to cool under N2. AC obtained after activation was washed with hot distilled water until the pH was 7.0 and then dried in an oven at 110 °C.
AC analysis methods:
The physical characteristics of AC obtained by one-step H3PO4/N2+H2O vapor activation were calculated using a Quantachrome AS 1C device with 
Adsorption experiments
For the adsorption equilibrium experiment, 100 mL of BSA solutions with an initial concentration of 500 mg/L were prepared in 250 mL capped conical flasks. The pH of the BSA solutions was adjusted with pH=2.8 (NaH2PO4/H3PO4) and pH=10 (NH4Cl/NH3) buffers. The prepared solutions were placed in a water bath at a constant temperature and constant stirring speed (120 rpm). AC was added to these solutions at a rate of 2-12 g/L and absorbance values of the samples taken at the end of the equilibration period of 420 min were measured at a wavelength 730 nm in the UV-visible spectrophotometer. The remaining protein concentration in the solution was determined by the Lowry method. In the Lowry method, protein is first treated with alkaline copper sulfate in the presence of tartrate. This "incubation" is then followed by the addition of the Folin-phenol reagent. It 
Zeta potential experiments
The solution at the same initial concentration (500 mg/L) as in the adsorption experiments was used for the zeta potential measurements of BSA. Figure 1 shows the DFT pore size distribution and N2 adsorption-desorption isotherm of AC at 77 K obtained as a result of single-step N2+H2O vapor activation of the mixture at 800
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AC characterization
°C after impregnation and sonication of the coal sample of H3PO4 at the rate of 3:1. The curve of the N2 adsorption isotherm of AC corresponds with Type I isotherm according to IUPAC classification (24) . According to this, AC shows that it commonly has a microporous structure. It is also seen that desorption of the adsorption of N2 at 77 K and P/P0 do not correspond in the range of 0.4-0.99 and that hysteresis occurs, which is a result of the capillarity condensation while the gas fills in and bleeds in the mesopore. The hysteresis in AC corresponds with Type H4 according to IUPAC classification. Type H4 is known to be in activated carbon with a slit pore structure. According to the IUPAC classification, porous adsorbents are classified as micropores if they are below 20 Å and as mesopores in the range of 20-500 Å. In the DFT pore size distribution in Figure 1 , it is seen that micropores and, at low rate, mesoporous structures are commonly observed. Table 1 The surface morphology of AC was observed with SEM-EDAX in Figure 2 . When the SEM image is examined, it is seen that there are irregular macroscopic pores and cavities on the surface of AC. It can be said that these pore formations are the result of the vaporization of volatiles such as CO2, CO and H2 from the carbon surface during H3PO4 and that N2+H2O vapor activation, temperature and sonication are also important parameters (25) . 
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The XRD pattern of AC is given in Figure 3 . 
Effect of temperature and pH on BSA adsorption
One of the important factors affecting protein adsorption is temperature. Proteins are subjected to a conformational change between primary structures and quaternary structures due to temperature differences. It is even the case that proteins are denaturalized due to temperature (30) .
The effect of temperature on BSA adsorption on AC was determined by observing the changes in the protein concentration in the liquid phase at 20, 30 and 40 °C over time. 
Adsorption equilibrium
The BSA adsorption data are correlated with the isotherm models of Langmuir at Eq. (1) (34) and Freundlich at Eq. (2) (35) , Table 2. When Table 2 Table 2 are compared, it is seen that R 2 values are almost the same for both isotherm models. 
Adsorption kinetics
The kinetics of adsorption of BSA on activated carbon was studied on the basis of two simplified kinetic models, including pseudo-first-order and pseudo-second-order equations.
The Lagergren pseudo-first-order kinetic model was represented as (38) According to the results obtained, it can be also said that AC obtained from coal is cheaper and has potential to compete compared to other adsorbents in terms of eliminating the protein pollution.
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